Cystic fibrosis (CF) is associated with frequent pulmonary Background: exacerbations which increase the mortality risk. Therefore, most CF patients are chronically colonized with respiratory pathogens, the most common being . Multidrug-resistant organisms Pseudomonas aeruginosa are a major problem in CF patients. It's been hypothesized that continuous-infusion antipseudomonal beta-lactam therapy in CF maintains serum concentrations above the minimum inhibitory concentration of susceptible strains and is more likely than intermittent infusion to achieve optimal pharmacodynamic targets for some intermediate and resistant strains of . The most extensively studied antibiotic for P. aeruginosa continuous-infusion protocol in CF is ceftazidime, which has been shown to improve lung function (forced expiratory volume in 1 second and forced vital capacity) and to increase pulmonary exacerbation free time. There have been no studies to evaluate the cost effectiveness or impact on quality of life of continuous infusion versus intermittent infusion antibiotic therapy in patients with CF. Our study aims to investigate the effect of continuous-infusion antibiotic therapy on pulmonary function.
Introduction
Cystic fibrosis (CF) patients commonly suffer infections from multidrug resistant organisms, which increases their risk of treatment failure as a result of inability to meet pharmacodynamic targets (time above the minimum inhibitory concentration (T > MIC)) 1 . Continuous-infusion antibiotic therapy is believed to be more effective in achieving those targets for resistant organisms in comparison to intermittent infusion.
Studies have shown that ceftazidime, which is the most studied antibiotic for continuous infusion in CF patients, could improve forced expiratory volume in 1 second (FEV1) and forced vital capacity (FVC), and reduce the frequency of pulmonary exacerbations 2 . Continuous infusion has the potential to optimize the efficacy and safety of antimicrobial treatment during CF pulmonary exacerbations while potentially decreasing the costs of therapy 3 .
Despite the promising results of studies comparing the two infusion protocols, there is insufficient evidence recommend the routine use of continuous infusion for patients with pulmonary exacerbations, which supports the position of the Cystic Fibrosis Foundation on this matter 4 . There is little information regarding the impact of continuous infusion on quality of life in patients with CF. Our study aims to investigate the effect of continuous-infusion antibiotic therapy on pulmonary function.
Methods

Study design and participants
The study was reviewed and approved by the Institutional Review Board (IRB) of Virginia Commonwealth University (approval number HM20011248). The data was analyzed in its entirety by the investigators who are fully responsible for the data and conclusion.
This was a cross-sectional study. The source of data was the CF Foundation Patient Registry. We obtained data for patients registered in our institute. We randomly selected 42 CF patients who were hospitalized for acute pulmonary exacerbations between 1 st January 2010 and 31 st December 2016 at Virginia Commonwealth University were retrospectively reviewed. We attempted to reduce potential bias by choosing a random sample of CF patients through the simple random sampling technique. We selected a small sample size by statistical formula that assumed p value is < 0.05 and 95% confidence Interval. In addition, we compared our study size with the previously published studies.
Inclusion criteria: (1) presence of CF pulmonary exacerbation, defined as: the need for antibiotic treatment as indicated by a recent change in at least two of the following: change in sputum volume or color; increased cough; increased malaise, fatigue or lethargy; anorexia or weight loss; decrease in pulmonary function by ≥10%; radiographic changes; increased dyspnea or at the physician's discretion. 
Data collection
For each patient, we collected the following variables: age, gender, ethnicity, race, body mass index, date of admission, date of discharge, antibiotic name, antibiotic infusion protocol, antibiotic start and end dates, culture data, pulmonary function test upon initiation and completion of antibiotics.
The effect of use of continuous infusion of intravenous antibiotics on pulmonary function (FEV1% predicted) was investigated.
The continuous infusion protocol has been adopted in our institute since 2013. For each patient, we collected data related to the use of intermittent infusion protocol which was the adopted protocol in our institute until 2013. From 2013 onwards, we collected data related to the use of continuous infusion protocol in order to investigate the differences in pulmonary function between the two protocols.
From each and every hospital stay (inpatient visits) for each patient, values of FEV1% predicted at the start (baseline) and end dates of the antibiotics are collected. The name of antibiotic therapies that were used, as well as the type of infusion protocol with start and end dates of each of them are also recorded.
In this study, we attempted to compare the difference in FEV1% predicted between the two infusion protocols and for each individual visit. The major confounding factor is that many patients receive the intermittent-infusion at the same time as the continuous-infusion protocol.
Data analysis
The primary outcome of the study was a change in FEV1% predicted upon completion of antibiotic therapy. Categorical variables are reported as numbers and percent. Comparisons between groups for continuous variables were made using student t-test, while categorical variables were compared using κ2 test. A nominal p-value of <0.05 was considered statistically significant. Data analysis was performed using SPSS 24.0 (IBM, Chicago, IL).
Results
A total of 42 patients met entry criteria and were enrolled into the study. The study cohort consisted of 21 female and 21 male patients with a mean age of 33.9 years (age range 22-61). Mean FEV 1 upon initiation of antibiotics was 0.82 (FEV1/FVC ratio 43%), mean FEV1 upon completion of antibiotics was 1.9 (FEV1/FVC ratio 53%) ( Table 1) .
Intermittent infusion protocol was found to have a very small advantage over continuous infusion protocol on pulmonary function (based on FEV1 outputs); however, this difference is not statistically significant (p=0.0049).
The longer the duration of antibiotics, the slightly better the pulmonary function at the end of the treatment, but the difference was not significant (p=0.2543). Patients with a history of multidrug resistant organisms had lower pulmonary function test values and difficulty regaining their pulmonary function after treatment. As expected, patients who had higher pulmonary function test values before starting the antibiotics, had higher test values upon completion of the antibiotics, regardless of the infusion protocol (p<0.0001). When matched for other variables, older patients (age ≥ 65 years) had worse pulmonary function despite antibiotic therapy (p=0.0248). Those who had longer duration of hospital stay were noted to have a worse pulmonary function despite antibiotics (p=0.0140). African Americans had worse pulmonary function tests compared to Caucasians, but the difference was not significant (p=0.8998). Similarly, females had worse pulmonary function tests compared to males, but the difference was not significant (p=0.0930). 
Discussion
The duration that β-lactams concentrations exceed the MIC for the bacteria determines its activity. Therefore, the current practice of intermittent infusion of β-lactam antibiotics may not be the optimal administration technique in CF patients. Moreover, many antibiotics have relatively short half-lives in this patient population.
There were several limitations to our study, which included the small sample size, the difficulty identifying which antibiotic protocol was adopted for each and every patient, interrupted or incomplete continuous infusion protocol and the significant difference in underlying patient demographics. We never collected or measured the beta lactam levels which is a huge limiting factor as well, as beta lactams need to be up titrated based on serum levels which we never had in this study. Without checking beta lactam levels, continuous infusion protocols seemed suboptimal to utilize so our concept of giving the same dose slowly in CF may not work.
In our opinion, although the data showed a small advantage for administration of antibiotics via intermittent infusion protocol, this finding was not statistically significant. In reality, most patients who received the continuous infusion protocol had interruptions to the protocol due to many factors, such as taking breaks for their pulmonary rehabilitation or other personal reasons. Therefore, this protocol was almost never completed as intended.
However, our conclusions are mainly based on crude associations more than statistical ones. We could not make meaningful conclusions due to the above mentioned limitations. Therefore, the study lacks generalizability.
Our study is directing attention towards a very important subject which could revolutionize the management of CF in the future. More research is really needed.
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I have several comments/points to make regarding this paper:
What is the advantage of choosing a random sample as opposed to analysing all CF exacerbations? This is a retrospective study and larger sample would've increased the power. The authors enrolled CF patients from 2010-2016 and they mentioned that continuous infusion was introduced in 2013. They did not mention what percentage of patients received continuous infusion versus intermittent. It is unclear how the authors came to conclude that "the longer the duration of antibiotics, but slightly better the pulmonary function at the end of the treatment". p value for FEV1 change was 0.0049, however, the authors reported that this was not statistically significant.The raw data do not report that actual change in FEV1. Overall, it is understandable that the authors were unable to draw strong conclusions likely due to small sample size, however, further evaluation of the analysis maybe needed. 1. In terms of study design, what is the justification for "choosing a random sample" (page 3) instead of analysing all available data? Also, the authors mentioned that a power calculation was done, but the results of the power calculation was not presented. The authors implied their sample size is adequate but then mentioned that "small sample size" as one of the limitations (page 4).
2. In terms of details of methods and analysis, there are several issues that should be clarified. First, what are the justification for the inclusion and exclusion criteria, in particular 10% FEV1 decline as one of the inclusion criterion and chronic respiratory failure as an one of the exclusion criterion.
Second, the authors claimed that "the continuous infusion protocol has been adopted in our institution since 2013", but "the major confounding factor is that many patients receive intermittent-infusion at the same time as the continuous-infusion protocol". Presumably this refers to beta-lactam antibiotics only. Also, presumably continuous infusion protocol was introduced in 2013 but beta-lactam may still be given via intermittent-infusion (i.e. continuous infusion was not blanketly applied). Is it not possible to restrict the analysis to people receiving only 1 type of beta-lactam as a sensitivity analysis to try understand the potential bias from the subgroup of participants that receive both intermittent and continuous beta-lactams?
Third, if the 42 participants are only a subset of those eligible, it is worth including a "CONSORT diagram" Third, if the 42 participants are only a subset of those eligible, it is worth including a "CONSORT diagram" (though this is not a RCT) to help readers understand the flow from all eligible participants to participants that were finally analysed.
Fourth, what is the equation used to calculate % predicted FEV1?
Fifth, the authors claimed that "the longer the duration of antibiotics, the slightly better the pulmonary function at the end of the treatment" but what was the analysis method used to determine the correlation between treatment duration and extent of FEV1 improvement?
3. In terms of statistical analysis, the authors "attempted to compare the difference in FEV1 % predicted between the two infusion protocols and for each individual visit". Given that a participant can have multiple courses of IV antibiotics, what is the method used to account for repeated measures within an individual? In the 'data analysis' subsection, only student t-test and chi-square test were mentioned and both these tests assume independence.
Also, for the results, it is important to display the effect size and confidence intervals, not just the p-values. The authors claimed that FEV1 difference is not statistically significant with p-value 0.0049 (in the abstract and the text in page 3), yet p-value <0.05 was considered statistically significant. Is there a typo?
4. With regards to the source data, it would be helpful if the authors could include the key for the labels e.g. what are antibiotics Type 1 and Type 2? Also, labels such as Chest_PT and VEST were neither explained in the text nor elaborated in the data source file.
5. With regards to the conclusion drawn, it is crucial to report the difference (and confidence intervals) between group, otherwise readers are unable to judge whether there is any advantage at all favouring either the intermittent or continuous infusion group. It is also crucial to use the correct analysis method in order to justify the conclusion drawn.
Other general comments: 1. The author stated that "our study aims to investigate the effect of continuous-infusion antibiotic therapy on pulmonary function". It seems more accurate to describe the study aim as to investigate the effect on FEV1 recovery post IV treatment.
2. Some of the sentences in the introductions and discussion may benefit from being re-phrased. For example, multidrug resistant organisms "may increase" the risk of treatment failure (introduction) and I think it is hyperbolic to say that continuous beta-lactam infusion "could revolutionize the management of CF". 
